Ten red raspberry cultivars grown in New York and Washington were harvested in 2002 and 2003 and analyzed for fruit composition and antioxidant content. The contributions of production environment and year were compared to genetic variability. Fruit were frozen, pureed and seeds removed prior to analysis. Fruit was analyzed for fruit weight, dry weight, soluble solid content, pH, titratable acidity, total phenolics, total anthocyanins, FRAP and ORAC. There were genotype effects for all variables. There were very large location effects when the data was expressed on a fresh weight basis, but the location effects decreased in significance or were non-significant when expressed on a dry weight basis. There were moderate genotypes x location effects. 'Chilliwack' and 'Comox' had much higher total anthocyanins, total phenolics and antioxidant potential in New York than in Washington. The values for total anthocyanins, total phenolics, ORAC, FRAP, percent dry weight, soluble solids and pH were higher at the New York site than at the Washington site. The values for titratable acidity were similar at each site and fruit weight was smaller at the New York site than the Washington site.
INTRODUCTION
Raspberries (Rubus ideaus L.) are important sources of antioxidants (Moyer et al., 2002) that have been related to health benefits. Berries have been shown to have anticancer activity in cell cultures and human clinical trials (Juranic et al., 2005; Han et al., 2005; Liu et al., 2005) . There is interest in breeding for increased antioxidant content in raspberry but the relative contributions of the production environment and the genotype are unknown.
Ten red raspberry cultivars growing in New York and Washington were selected to determine how sensitive components of antioxidant potential were to production environment compared to genotype effects.
MATERIALS AND METHODS
The ten cultivars used are: 'Autumn Bliss', 'Autumn Britten', 'Boyne', 'Chilliwack', 'Comox', 'Heritage', 'Killarney', 'Latham', 'Prelude' and 'Reveille'. Only primocane fruit was used for 'Autumn Bliss', 'Autumn Britten' and 'Heritage' and only floricane fruit for all other cultivars. Fruit was grown in research plots at Cornell University-NYSAES, Geneva, New York (latitude 42°52'N, longitude 76°59'W) and at Washington State University, Puyallup, Washington (latitude 4712N, longitude 122°14'W). The locations are separated by over 3,500 km.
Fruit samples were collected at a fully ripe stage, frozen at -20°C, and sent on ice to Lane, OK. A minimum of 500 g berries was used per cultivar and fruit was harvested on at least three dates. Two 50 g subsamples were removed and number of berries counted to determine average berry weight, then partially thawed and ground with a homogenizer (Polytron). Samples of puree were filtered through cheesecloth to remove seeds. A 1 g sample of each puree was placed on preweighed foil pans and freeze dried to determine dry weights (DW).
A 0.5 g sample of the puree was placed on a digital refractometer (Atago, Model PR 100) to measure soluble solids content (SS). A 10 g sample of puree was added to 90 ml double distilled water (wt:wt) and a Stir bar added for p1-I and titratable acidity measurements. The pH was measured using an Orion pH meter and electrodes designed for purees. Titratable acidity was measured using a digital buret and 0.1 N NaOl-1, to titrate samples to an endpoint of 8. 1, and acidity based as percent malic acid (0.067 meq).
Total anthocyanin (Antho) was determined using the p11 differential method of Giusti and Wrolstad (2001) . A subsample of the solvent-extracted puree (0.5 ml) was added to pH 1.0 and p11 4.5 buffers and absorbance at 510 and 700 nm measured using a Shimazdu UVI60 spectrophotometer. Each selection had duplicate runs made for each sample (a total of to 16 samples per cultivar).
Total phenolics (Phen) were determined with the Folin-Ciocalteau reagent, following the method of Singleton and Rossi (1965) . One ml of the solvent-extracted puree was added to I nil of F-c reagent (0.25N), followed by I ml of sodium carbonate (IN) and 7 ml water.
Ferric reducing antioxidant power or ferric reducing activity of plasma (FRAP), was determined following a modified method of Benzie and Strain (1996) , modified for manual use by Deighton et al. (2000) and Conner et al. (2005a) and using a nonautomated spectrophotometer (Shimazdu UV 160). FRAP reagent (ferrous tripyridyltriazine complex) was pipetted into multiple cuvettes and then addition of samples to the reagent was staggered to every 20 seconds. Mixing of samples and reagents was done by rapid aspiration and expulsion of fluid with the pipette tip held just under the surface of the mixture. Absorbance at 593 nm was recorded 4 min after addition of extract or standards to the FRAP reagents. Standard curves were run with each set of extracts using Trolox (0 to 250 jiM) and ferrous sulfate (0 to 500 pM) and were linear within these ranges.
Oxygen radical absorbing capacity (ORAC) was determined on some subsamples using a microplate reader and fluorescein as the fluourescent probe (Wada and Ou, 2002) .
Data was analyzed using SAS v. 8.0 general linear model programs with cultivars, locations and years as independent variables.
RESULTS AND DISCUSSION
The values for the measured variables for each cultivar are given in Table 1 for each location. Values for Antho, Phen, FRAP and ORAC are expressed both on a fresh weight and dry weight basis in the table. The values for Antho, Phen, ORAC, FRAP, %DW, SS and pH were higher at the New York site than at the Washington site. The values for titratable acidity were similar at each site and fruit weight was smaller at the New York site than the Washington site. The correlations between the measured variables (on a fresh weight basis) are given in Table 2 . Most variables were significantly correlated with each other (P< 0.01). The exceptions were titratable acidity, which was only significantly correlated (P< 0.05) with Phen and pH. Percent dry weight and SS were not significantly correlated with pH. When data from each year were analyzed separately, correlations were lower in 2002 and much higher in 2003. In 2003, ORAC was most highly correlated with Antho (r =0.771), FRAP was most highly correlated with Phen (1=0.958) and ORAC and FRAP were significantly correlated (r =0.818).
The variables of most interest in this study are Antho and Phen and the two measures of antioxidants (ORAC and FRAP). Analysis of variance is only presented for these variables. When the variables were expressed on a fresh weight basis, there were significant genotype (G) and location (L) effects for Antho, Phen, FRAP and ORAC (Table 3 ). There were also significant G x L effects for Antho, FRAP and ORAC. ORAC had significant effects for all sources of variation. When the variables were expressed on a dry weight basis, the L effects were greatly reduced for all variables, becoming nonsignificant for Antho and Phen. There were significant effects for GxL and LxY for Phen. Much of the apparent location effects could be the result of dilution/concentration effects in the fruit. Conner et al. (2005a, h ) investigated variation in antioxidants, phenolics and anthocyanins in a factorial mating design. They found genetic variation for all of these traits. Although statistically significant, the year effects were much less than the genetic effects. Total phenolic content was more highly correlated with antioxidants than total anthocyanins.
When the variables were expressed on a fresh weight basis, the cultivars that differed most between locations were 'Autumn Bliss', 'Chilliwack', 'Comox' and 'Heritage'. When the variables were expressed on a dry weight basis, 'Chilliwack' and 'Comox' were the cultivars that varied the most between locations (Table 1) . 'Prelude' was a cultivar that was very consistent and 'Autumn Bliss' and 'Heritage' were consistent when expressed on a dry weight basis. The combination of cultivars that were variable with location and others that were stable resulted in the significant GxL interactions.
The cause of the differences between locations is not known. The average maximum temperature from May to September was 1.9°C higher in New York in 2002 and 0.8°C warmer in Washington in 2003. The average minimum temperatures in New York were 4.1°C warmer than Washington in 2002 and 3.4°C warmer in 2003. There was less rainfall in Washington than in New York in both years (1.4 cm in Washington vs. 9.3 cm in New York), but with supplemental irrigation, there may not be a difference in available soil moisture. Additionally, it is not known if there is a critical time when the fruit might be affected by heat or water deficits. Even though the fruit at both locations were harvested at the red ripe stage, fruit may have been picked at a slightly different stage of ripeness, which might affect fruit characteristics.
CONCLUSIONS
Cultivars differed significantly among cultivars for Antho, Phen, ORAC and FRAP. When the data was expressed on a fresh weight basis, there were very large location effects. When expressed on a dry weight basis, the location effects became much smaller or non-significant. There were significant genotype and GxL effects and minimal year effects. 'Chilliwack' and 'Comox' were highly influenced by growing location and 'Prelude' was consistent over locations. These results indicate that cultivars could be selected for uniformity of antioxidant content across production areas or to select cultivars that are highly affected by location, but maximize antioxidant content in a specific environment. < ORAC=oxygen radical absorbing capacity, FRAP=femc reducing antioxidant power 2 values followed by * and ** are significant at P< 0.05 and 0.01 respectively.
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